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ABSTRACT OF THE DISCLOSURE 
A power controller having a switch whose drive 
circuit Is supplied by a power supply producing DC power 
and whose control and protection circuits, such as an 
overcurrent protection clrc\ilt, a zero crossover detection 
circuit, and a control logic circuit, are operative without 
energization from a separate DC supply. Rather these cir- 
cuits are powered merely from the AC line and the same DC 
supply as for the drive circuit. This minimizes require- 
ments of the controller's internal power supply which may be 
met. by a single transformer secondary winding or, preferably, 
a teansformerless configuration such as a capacitor voltage 
divider power supply. 



CROSS REFERENCES 
This application is filed together with, and is 
related in subject matter to, the following commonly assigned 
applications: 

Canadian Application Serial No, 206,419 filed 
August 7, 1974 in the names of W. W. Billings and 
20 L. Tipton; and 

Canadian Application Serial No. 206^424 filed 
August 7, 1974 in the names of J. T. Mitchell and 
Billings. 

Reference is also made to Che following U. S. 
Patent, axul assigned to the present assignee, that 
contains additional related stabject matter: 
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BACKGROUND OF THE INVENTION 
This Invention relates to power controllers for 
controlling the supply of power from an AC supply to a load 
and particularly to such power controllers suitable to 
applications in which size and weight must be minimized 
and comprising solid state rather than electromechanical 
components. 

There are recognized advantages to replacing 
electromechanical relays and thermal overload devices with 
10 solid state power controllers for switching and protection 
functions in electrical distribution systems. Certain 
applications for such power controllers, such as in aircraft 
systems, have been Impeded because of the complex clreultry 
designed to perform the required functions and the attendant 
cost, size, weight, heat dissipation, and unreliability 
inherent in circuits of the complexity proposed « 

Prior AC solid state controllers have been char- 
acterized by requiring multiple internal power supplies for 
developing DC power from the AC line voltage. Typically, 
20 three isolated DC supplies are required and they may require 
separate regulation. Separate conductors are therefore re- 
quired for supplying various ones of the internal circuit 
V portions in a plurality of separate branch circuits. Shuey 
et al U.S. Patent No. 3»8ll,073, while not primarily 
directed to power supply requirements, does show a power 
controller of the same general type as that to which this 



990793 



application relates. Another source of useful background 
Information on such power controllers is: 

NAECON Proceedings . May 1971 > a paper by 
D. E. Baker entitled "Power Controllers for 
. a Automatically Controlled Electrical Systems. : 

In a typical example of a solid state power con- 
troller in accordance with the type of prior art referred to, 
and which is presented for illustrative purposes in Pig. 1 
of this application, the following internal power supply 
10 requirements are present: The circuit portion labeled 
-«^'Power Supply" takes AC power from line 10 and develops 
DC on three separate. Isolated buses. Those Include a first 
DC bus 12 from the "Power Supply" to a "Drive Circuit" for 
driving the "Solid State Switch", A second DC bus 14 is 
provided between the "Power Supply" and "Drive Circuit" (past 
drive circuits for solid state switches of two Inverse par- 
allel thyrlstors have typically required two Isolated sup- 
plies) and also powers an "Overcurrent Protection" circuit, 
a "Zero Crossover" circuit, and a "Control Logic" circuit. 
20 A third DC bus l6 Is provided between the "Power Supply" and 
a ?'DC Control Circuit". For the required electrical isola- 
tion, each DC bus 12, 14, and 16 requires separate power 
supply components. Normally this Includes a separate secon- 
dary winding for each on an AC transformer whose primary is 
connected to the line and also a separate rectifier and 
filter and regulating components. 

The requirement for multiple power supplies means 
at the least a costly, complex power transfoz*mer that pre- 
sents additional handling probl ms in manufacture. With th 
30 power transform r are required extra rectifying units and 
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filters requisite for each of the Individual supplies. 
Furthermore the development of various DC supply circuits 
from a single power transfonner Incurs some Interaction 
between circuits that can Impair performance and reliabil- 
ity, even though the DC supplies are nominally Isolated. 
SUMMARY OP THE INVENTION 
The present Invention came about from an effort 
to develop a power controller whose Internal power supply 
requirements are minimized as compared with those of the 
10 prior art. 

In accordance with this Invention, an AC solid 
state power controller is provided having a switch whose 
drive circuit is supplied by a single power supply producing 
DC power and whose control and protection circuits, such as 
an overcurrent protection circuit , a zero crossover detec- 
tion circuity and a control logic circuit, are operative 
without energization from a separate DC supply but rather 
are powered merely from the AC line and the same DC supply 
as for the drive circuit. The DC control circuit requires 
20 no separate supply internal to the power controller but 

rather is energized solely by the applied control input sig- 
nal. 

These features minimize requirements of the con- 
troller's internal power supply which may be met by a trans- 
former having a single secondary winding or, preferably, a 
transfoznnerless configuration such as a capacitor voltage 
divider power supply. 

The implementation of the pr sent Inv ntion requires 
the various individual circuit portions that previously required 
30 separate DC supplies be made essentially "self-energized. " 
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By "self.e„er«l.ed.. is meai,t they develop their own power 
from the AC line, or from the same DC bus that powers the 
drive circuit, or In the case of the DC control circuit, 
from another available DC voltage. By so arranging the' 
system, there need be no separate DC power supply to the DC 
control circuit for energizing the system or the overcurrent 
protection system or the zero crossover circuit. Conse- 
quently, only a single DC supply voltage Is required for all 
internal functions In the power controller. As a result, 
therefore, the Invention minimizes the amount of required 
components and their cost and size and further enhances the 
reliability of the power controller. 

BRIEF DES CRIPTION Op THE DRAWTMP. 
Pig. 1 Is a schematic circuit diagram of an AC 
solid state power controller m accordance with the prior art 
as has been previously described; 

Pig. 2 Is a schematic circuit diagram of an AC 
solid state power controller In accordance with the present 
invention ; and 

Pig. 3 is a circuit schematic of a more detailed 
example of an embodiment of the present Invention. 

DESCRIPTION OP THE PREFERRED EMRnnTMPMa.g 

Referring to Pig. 2, a solid state power controller 
is illustrated In a one-line diagram, for controlling the 
supply of power from an AC supply 8 to a load 9 on AC line 
10. The power controller Includes a Switch 20 having supply 
and load terminals 21 and 22 connected respectively to the 
supply 8 and load 9 and also has at least one. In this case 
two. drive terminals 23 for the selective application of 
predetermined drive signals to alter the conduction state of 
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the switch 20. While various switch configurations may 
be employed, or primary present Interest in the practice 
of the present invention is a switch principally comprising 
a pair of inverse parallel thyristors . 

A drive circuit 26 is provided for applying drive 
signals to the switch 20 and has at least one, in this exam- 
ple two, output teiTOlnals 2? electrically coupled respec- 
tively to the drive terminals 23 of the switch. The drive 
circuit 26 has a control input terminal 28 for receiving 

10 control signals to which it responds as well as a power in- 
terminal 29. 

A power supply circuit 32 Is provided that has 
input terminals 33 for connection to the AC supply and a 
reference potential (ground or neutral) and an output termi- 
nal 3^ connected to the power input terminal of the drive 
circuit by DC bus 36. The power supply circuit 32 comprises 
elements for the conversion of AC power to DC power, with 
whatever filtering and regulation is desirable for the out- 
put power on bus 36. 

20 A control logic circuit 38 is provided that has an 

output terminal 39 connected to the control input terminal 28 
of the drive circuit 26 and a power input terminal 40 con- 
nected to the output terminal of the power supply circuit by 
DC bus 36. Circuit 38 also has signal input terminals 41, 
42, and 43. 

A plurality of additional circuits are provided for 
the purpose of introducing signals to the control logic 
circuit 38 for taking into account various circuit conditions 
or inputs to ultimately control the switching of the power 
30 switch 20. In the typical example Illustrated there are an 
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overcurrent protection circuit ^18, a zero crossover circuit 
50, and a DC control circuit 52 connected, respectively, to 
input terminals i.1, i|2, and i»3 of control logic circuit 38. 

The overcurrent protection circuit H8 Is for the 
purpose of providing signals ultimately to control the con- 
duction Of the switch 20 so the load is not subjected to a 
damaging, overcurrent . The zero crossover circuit 50 Is to 
provide signals ultimately to control the conduction of the 
switch 20 m desired relation to zero crossovers of the 
waveform of the AC supply voltage as Is required In the case 
of thyrlstor switches. The DC control circuit 52 Is for the 
purpose of Introducing to the control logic circuit 38 an 
Input signal upon the occurrence of an external stimulus such 
as the manual closing of a switch by push button or the like 
to set the power controller Into operation Initially. These 
three circuit portions i»8, 50 and 52 are examples of what 
will oceasslonally be referred to herein as "at least one 
control and protection circuit." 

Overcurrent protection circuit 48 has an AC power 
Input terminal 54 connected to the AC line 10 and a DC power 
Input terminal 55 connected to bus 36. it also has an output 
terminal 56 connected to Input terminal ill of circuit 38. 

Zero crossover circuit 50 has an AC power Input 
terminal 60 connected to the AC line 10 and a DC power Input 
terminal 61 connected to bus 36. It also has an output 
terminal 62 connected to Input terminal 42 of circuit 38. 

DC control circuit 52 requires no AC supply or 
connection to DC bus 36. it has an Input terminal 65 for 
receiving a DC control signal from another part of the elec- 
trical system with which the power controller Is used. It 
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also has an output terminal 66 connected to Input tez*mlnal 
^3 of circuit 38. 

The control logic circuit 38 normally would have 
additional outputs > beside that shown to the drive circuit 
26, Tor the purpose of Indicating certain conditions of the 
power controller. For example there Is usually a trip 
Indicator output terminal and a status Indicator output 
terminal for connection to some Indicators such as Isunps 
for the purpose of showing occurrence of a trip of the switch 

10 20 as well as the on or off status of the switch. These 
circuit portions are not shown as they may be provided as 
has been previously done and do not affect power supply 
requirements. 

Referring to Pig. 3, there is shown a detailed 
circuit schematic, by way of further example, of an embodiment 
of the present invention with the circuit portions boxed and 
identified by reference numerals corresponding to those of 
Fig. 1. It is believed that in principal part the manner of 
operation of the various circuit portions will be apparent 

20 to those skilled in the art. The following tabulation sets 
forth specific component identification that has been found 
suitable in successful operation of one form of the 
Illustrated circuit. 

A.C. Supply 8 100 Hz., 230 V. rms. 

Solid State Switch 20 

Thyrlstors SI and S2 Type 2N690 

Resistors Rl and R2 500 ohms 

(Circuit 20 can be generally characterized as 
comprising a pair of thyrlstors in inverse 
30 parallel connection.) 
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Drive Circuit 26 
TransTormer Tl core 

Winding 80 

Winding 81 

Windings 82 and 83 

Transistors Ql and Q2 

Diodes Dl (two in number) 
D2 (Tour) and D3 (four) 

Resistor R3 

Resistor R4 

Resistor R5 and r6 

Capacitors CI and C2 



Saturable, Magnetics Inc. 
Type 80613-1/2D material 

100 turns on each side 
of center tap 

15 turns 

25 turns 

2N5551 

1N91^ 

1,000 ohms 
100,000 ohms 

82 ohms, positive temper- 
ature coefficient 

0*01 mf. 



(Circuit 26 can be generally characterized as 
comprising a free-running core timed oscillator.) 

The following elements shown in circuit portion 26 

are to set the DC voltage level for the drive circuit from 

DC bus 36: 



Transistor 
Transistor Q7 
Resistor R8 
Diodes D6(4) 
Capacitor C6 
Resistor Rll 
Power Supply Circuit 32 
Capacitor C3 
Capacitor C4 

Diodes Di» (four) 
Capacitor C5 



2N551 
MMCS 3498 
20,000 ohms 
5.6 V. Zeners 
0.47 mf . , 50 V. 
200,000 ohms 

0.39 mf . , 100 V. 

0.10 mf 
600 V. 

1N486A 

10 mf . 75 V. 



(This circuit can be generally characterized as a capacitor 
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voltage divider (C3 and C^) power supply 30 v, DC, 
nominal, is supplied at terminal 3^ on power bus 36, 
Bus 63 Is the DC return or common bus.) 
Control Logic Circuit 38 



Logic Gates 02, G3 and G4 

Resistor RI5 
Resistor RI6 
Diode D15 

Transistors Q8 and Q9 
Resistor R17 
Capacitor C8 
Resistor RI8 
Plip-Plops Pi and P2 
Capacitor C7 



CMOS type RCA/CD^ Oil 
Quad NAND 

25 > 000 ohms 

SOOyOOO ohms 

1N91M 

2N2219A 

1 Megohm 

O.Olmf 

2,500 ohms 

CD4013A, dual device 
0.001 mr 



(This circuit may be generally characterized as comprising 
logic gates G2, G3 and g4 responsive to various Inputs 
from the circuits 48, 50 and 52 to determine that state 
changing signals are applied to the drive circuit 26 at the 
desired times . ) 

The following elements shown in circuit portion 38 

are to set the DC voltage level for the control logic circuit 

from DC bus 36: 

Diode D5 7.6 v. Zener 

Resistor R7 20,000 ohms 

Transistor Q3 2N551 

Overcurrent Protection Circuit 48 



Resistors R19 and R20 

Resistors R21 

Diode d8 

Resistor R23 

Optically Coupled Diode 
Unit OCl 



0 . 5 ohm 

110-180 ohms variable 
2.7 V. Zener 
8 ohms 

Monsanto type MCD2 
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Resistor R24 
Resistor R25 
Capacitor C9 



2 Megohms 

10,000 ohms P.T.C. 

2 m£ 



(Further description of this type of overctirrent protection 
circuit may be had by reference to the above mentioned 
Canadian application of Mitchell and Bllllngss and also to 
the above mentioned U, S. Patent No» 3,811^073. Circuit 48 
does not have direct connection with D*C. bus 36 but 
Instead gets power by way of elements shown In control loelc 
circuit 38.) * 



Zero Crossover Circuit 50 

Resistor R26 

Diode I>9 

Diode DIO 

Diode Dll 

Capacitor CIO 

Resistor R27 

Logic Gates G5» G6. 
G7 and G8 

Resistor R29 

Resistor R30 

Capacitor Cll 



500,000 ohms 

1N649 

1N914 

12 V. Zener 

0.047 mf. , 50 V. 

250,000 ohms 

CMOS type RCA/ CD 4011 
Quad NAND 

200,000 ohms 

50,000 ohms 

250 pf • 



(Further description of this type of zero crossover cir- 
cuit may be had by reference to the above mentioned Canadian 
application of Billings and Tipton* Circuit 50 sets Its 
DC power off of bus 63.) 



DC Control Circuit 52 
Input control signal 85 
Resistor R32 
Diode D12 
Resistor R33 

Resistor R35 
Diode D13 

Transistors QIO and Qll 
Capacitor C13 



6 V» DC, 10 ma* maximum 

600 ohms 

12 V. Zener 

3,000-5,000 ohms. 
Adjustable 

10,000 ohms 

1N914 

2N2219A 

0*047 mf., 25 V* 
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Resistors R36 and R37 2,000 ohms 

Resistor R38 50,000 ohms 

Resistor R39 10,000 ohms 

Diode Dl4 2.i\ V. Zener 

Resistor R40 100 ohms 

Transistor Q12 2N2904 

Optically Coupled Diode MCD2 
Unit 0C2 

(Circuit 52 can be generally characterized as Including 
a differential amplifier having one Input which Is pro- 
portional to the control signal and another which Is a 
reference level developed from the control signal. An 
output to 0C2 occurs only when the control signal exceeds 
a threshold level . ) 

The circuit of Pig. 3 is a presently preferred 
embodiment of the Invention as has been successfully made 
and operated. The foregoing description will convey an 
understanding of the salient features of the Invention and 
their operation without limiting the scope of Invention to 
the exact form shown because numerous modifications in de- 
tail can be made. 

Since only a single DC power bus Is required 
the power supply Is devised, preferably, in a transformerless 
configuration, although alternatively it could be provided 
with a smaller transformer than previously required. The 
transformerless configuration shown and preferred Is one 
that can be referred to as a capacitor voltage divider power 
supply and can be provided with considerable ease and com- 
pactness compared with transformer configuration. In this 
type of circuit, the two capacitors C3 and CM divide the AC 
voltage to a desired level in a manner similar to that 
in which an autotrans former divides AC voltage. The rectifier 
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comprising diodes Dl then provides full wave rectification 
to the desired portion which Is then filtered by C5 pro- 
cessed to a 30 V. nominal voltage. 
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CLAIMS : 

1 1. A power controller Tor controlling the supply 

2 of power from an AC supply to a load and comprising: 

3 a switch having supply and load terminals and also 

4 having at least one drive terminal at which the selective 

5 application of predetermined drive signal alters the 

6 conductivity of said switch; 

7 a drive circuit for applying drive signals to 

8 said switch and having at least one output terminal elec- 

9 trically coupled, respectively, to said at least one drive 

10 terminal of said switch, said drive circuit having a control 

11 input terminal and a power input terminal; 

12 a power supply circuit having input terminals for 

13 connection to the AC supply and an output terminal connected to 
m said power Input terminal of said drive circuit, said power 

15 supply circuit comprising elements for the conversion of AC 

16 power to DC power on a single power bus; 

17 a control logic circuit having an output terminal 

18 connected to said control input terminal of said drive circuit 

19 and a power input terminal connected to said output terminal of 

20 said power supply circuit ; 

21 at least one control and protection circuit having 

22 at least one output signal terminal connected to said control 

23 logic circuit and having at least one input signal terminal 

24 connected to the AC supply, said at least one control and 

25 protection circuit being operative without energization from 

26 any DC power supply separate from that of said power supply 

27 circuit. 

1 2. The subject matter of claim 1 wherein said 
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2 at least one control and protection circuit Includes an 

3 ovei»current protection circuit for providing signals 

^ ultimately to control the conduction of said switch so the 

5 load is not subjected to damaging overcurrent . 

1 3. The subject matter of claim 1 wherein said at 

2 least one control and protection circuit includes a zero 

3 crossover circuit for providing signals ultimately to control 
^ the conduction of said switch in desired relation to zero 

5 crossovers of the waveform of the AC supply. 

1 H» The subject matter of claim 1 wherein said 

2 power supply circuit comprises a capacitor voltage divider 

3 power supply. 

1 5. The subject matter of claim 1 wherein said 

2 power supply circuit is a transformerless power supply. 

1 6. The subject matter of claim ^ wherein; said 

2 capacitor-voltage divider power supply comprises a pair of 

3 capacitors serially connected across said Input terminals, 
^ and a full wave rectifier connected to rectify the voltage 
5 across one of said capacitors. 
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